Purpose. The purpose of the study was to examine the in-season variations in aerobic power, anaerobic power, and vertical jumping ability in young elite handball players in a laboratory setting. Methods. The study involved 13 athletes (age: 19.9 ± 0.7 years, body mass: 90.0 ± 12.1 kg, height: 186.3 ± 6.3 cm, body fat percentage: 13.7 ± 4.8%), all members of the young national handball team. Maximal oxygen uptake (VO 2 max), Wingate Anaerobic Test (WAnT) performance (peak power [PP], mean power [MP], fatigue index [FI]), and vertical jumping ability (countermovement jump [cMJ]) were assessed on 3 occasions during the competitive period (beginning [T1], middle [T2], end [T3]).
Introduction
Handball is a high-intensity intermittent exercise activity with specific physiological demands. While anaerobic capacity is a key performance indicator, aerobic power is also of high importance; the requirements of the aerobic energy system are characterized as moderate to high [1] , with the consideration of the long period of an average game (2 halves, each of 30 min of efficient playing time). A large emphasis is also placed on jumping activities, bound with high muscular power requirements, especially for the lower extremities [2] . This diversity of efforts necessitates a comprehensive preseason preparation, including the improvement of aerobic power, anaerobic power, and explosiveness, as well as control of possible variations during the entire competitive season.
Most of the previous handball studies involving male subjects have focused on describing several parameters defining the anthropometrical and physiological characteristics for elite performance [1, 3, 4] . Other authors have examined the effect of short-term specific training programs [5] , or analysed physiological changes during specific periods of an annual macrocycle [6, 7] . regarding a more comprehensive evaluation including an entire competitive season, strength values of the upper and lower extremities, explosive strength, as well as sprint and endurance run-ning have been evaluated in 2 cases under field conditions [2, 8] .
Despite the greater evaluation specificity characterizing field testing, laboratory tests are considered more accurate and appropriate in the assessment of general fitness during specific periods of the season [9] . In addition, more information can be obtained when conducting a single-laboratory test; for instance, during the 30-s Wingate Anaerobic Test (WAnT), different components of an athletes' anaerobic capacity can be evaluated [10] . Thus, our purpose was to examine the effect of the preseason, in-season, and end of the competitive period on the comprehensive fitness profile, including the assessment of aerobic power, anaerobic power, and jumping ability in a laboratory setting in a group of elite male handball players. based on previous observations, our hypothesis was that the variables tested would only show trivial changes throughout the specific period.
Material and methods

Participants
Overall, 13 athletes volunteered to participate in this study (mean ± SD; age: 19.9 ± 0.7 years, body mass: 90.0 ± 12.1 kg, height: 186.3 ± 6.3 cm, percentage of body fat: 13.7 ± 4.8%). All players were members of the Greek national handball team and were familiarized with the testing procedures before the beginning of the experimental phases. All tests were performed under controlled environmental conditions (temperature: 20-22°, relative humidity: ca. 45%), at the same time of the day (9:00-12:00).
Procedure
In order to examine the in-season variations in aerobic power, anaerobic power, and vertical jumping ability, the following testing procedures were conducted: maximal oxygen uptake (VO 2 max) determination, WAnT, and countermovement jump (cMJ). Each testing procedure was assessed on 3 occasions during the entire 9-month competitive period (beginning, August [T1]; middle, January [T2]; end, May [T3]).
At the beginning of each testing session, body mass and height were measured to the nearest 0.1 kg and 0.1 cm, respectively, by using calibrated physician's scales (Seca, Hamburg, Germany). The percentage of body fat was estimated with the bioelectrical impedance analysis technique (bodystat 1500; bodystat, Isle of Man, british Isles). Afterward, the participants completed a standardized 7-min warm-up on a stationary cycle-ergometer (Technogym) with pedalling cadence visually controlled at 50-60 rpm and 5 min of stretching exercises. VO 2 max was determined during an incremental treadmill test by using a standard laboratory metabolic chart. breath-by-breath analysis was applied for measuring respiratory gas exchange (cosmed Quark cPET system, rome, Italy) throughout the test. Heart rate (Hr) was continuously evaluated and recorded with an electronic Hr monitor (Polar S610 Electro, Kempele, Finland). O 2 and cO 2 analysers were calibrated before and after each test with ambient air and calibration gas of known concentrations. Verbal encouragement was given throughout each test. The initial speed was set at 8 km • h -1 and was increased steadily by 1 km • h -1 every 2 minutes until volitional exhaustion. Effort test was considered as valid when at least 2 of the following criteria were achieved: (i) not less than 15 beats below age-predicted maximal Hr, (ii) levelling off of VO 2 despite an increase in workload, (iii) maximal respiratory exchange ratio > 1.10 [11] . Gas exchange data were averaged over 15-s periods. VO 2 max was considered the single highest 15-s VO 2 value attained.
Anaerobic power was measured with the 30-s WAnT, following previous methodology [10] . The testing procedure was performed on a cycle-ergometer (Ergomedic 874e, Monark, Sweden). The braking force was settled by the product of body mass in kg by 0.075%. The seat height was adjusted to each player needs; toe clips were also used in order to prevent any possible slipping off the pedals and to assure maximum efficacy and efficiency. Athletes were asked before the initiation of the test to pedal as fast as possible and were vigorously encouraged during the entire test. The duration of every flywheel revolution during the test was measured with the help of an electronic sensor, whereas the power output of every revolution was computed by specialized software (SMI, St. cloud, USA).
For the evaluation of the lower limbs explosiveness, flight time and jump height were estimated by using the Optojump photocell system (Microgate, bolzano, Italy). The participants were requested to maximally perform 3 cMJs with an arm swing (cMJ). A 1-min rest took place between efforts. The single highest score was used for further analysis.
Statistical analysis
The SPSS statistical package (version 22.0; SPSS, Inc., chicago, USA) was applied to analyse the data.
Mean and standard deviation (SD) values were calculated with traditional statistical techniques. Normality and homoscedasticity assumptions were checked with the Kolmogorov-Smirnov test. To analyse possible changes in intra-seasonal points and to compare the different stages of preparation, an ANOVA test was used for all the variables. Data are presented as means ± SD. The level of statistical significance was set as = 0.05.
Ethical approval
The research related to human use has complied with all the relevant national regulations and institutional policies, has followed the tenets of the Declaration of Helsinki, and has been approved by the authors' institutional review board or an equivalent committee.
Informed consent
Informed consent has been obtained from all individuals included in this study.
Results
The results are presented in Table 1 . Only slight and not significant changes throughout the tested periods for VO 2 max were obtained (T1 = 52.04 ± 4.30; T2 = 49.31 ± 3.96; T3 = 51.68 ± 5.38 ml • kg -1 ). regarding the cMJ values, small variations between periods were observed (T1 = 46.99 ± 7.98; T2 = 46.57 ± 5.87; T3 = 48.15 ± 6.58 cm). Peak anaerobic power showed an increase of 1.11 ± 5.67% between T1 and T3, while the respective value for mean anaerobic power was -0.04 ± 4.34%. Finally, the fatigue index was 3.43 ± 9.20%. All presented values had a p > 0.05 level of significance.
Discussion
To our knowledge, this is the first study presenting variations of the comprehensive fitness profile observed during an entire competitive season in an elite national handball team in a laboratory setting. The results suggest that the evaluated selected indices of aerobic power, anaerobic power, and vertical jumping ability remained relatively constant throughout the handball period tested. These data can provide useful information for both athletes and practitioners regarding physiological adaptations as a result of an entire handball training period.
Specific physiological performance variables of male athletes from different team sports such as basketball [12] and soccer [13, 14] tend to remain constant throughout a competitive season. Similar results for handball players were demonstrated by Gorostiaga et al. [2] , reporting no significant seasonal variations in lower extremity strength values in male high-level handball players. Likewise, boraczyński and Urniaż [5] revealed no significant improvement in anaerobic power values assessed during WAnT, also in high-level handball athletes. In contrast, the above-mentioned study reported significant increases in absolute VO 2 max values (approximately 7%), which can probably be attributed to the fact that the corresponding values were significantly lower, during both periods tested, compared with those presented in the current study.
Aerobic power, as reflected by the VO 2 max values, showed a slight increment of ca. 1.0% over the entire season. Angius et al. [15] support this result, indicating that adult athletes present a fully developed aerobic capacity; therefore, only slight changes would be expected. In addition, one of the main targets of the preseason period is to elevate the aerobic fitness component and to maintain its high level during the entire season. T1 -beginning of the competitive period, T2 -middle of the competitive period, T3 -end of the competitive period, VO 2 max -maximal oxygen uptake, PP -relative peak power, MP -relative mean power, FI -fatigue index, cMJ -countermovement jump with an arm swing.
Data analysis regarding the anaerobic testing procedure revealed a slight reduction of -1.64% in peak relative anaerobic power values and a larger decrease of -4.86% for fatigue index. In contrast, no variations were observed for mean anaerobic power values. A previous study reported that anaerobic performance tended to decrease during the competitive season, as our study suggests, in rugby players [16] . According to Dupont et al. [17] , anaerobic performance, expressed in terms of high-intensity sprints, can be enhanced during the in-season period, following a specific training program in male soccer players. Additionally, repeated sprint ability (4 × 60 m) was improved after an in-season 10-week training period, also in soccer [18] . Even though related data are only available in soccer, a specific training program aiming to develop in-season anaerobic performance in handball is proposed.
Explosiveness of the lower limbs was measured in this study through the countermovement vertical jump test, demonstrating no significant increase (2.56%). Gorostiaga et al. [2] confirm this result, reporting vertical jumping ability in a sample of elite handball players. In our study, no significant improvement was found in any of the variables evaluated during WAnT, which is in agreement with the study by boraczyński and Urniaż [5] , also confirming the respective values. The mean jumping height of our participants (46.9 ± 7.9 cm) was significantly higher than the previous result obtained in an elite male handball team in the study by Milanez et al. [7] (42.4 ± 3.8 cm), but comparable to that reported by Gorostiaga et al. [2] (45.2 ± 7.0 to 48.2 ± 7.2 cm). However, caution should be paid when interpreting data from different studies, as the initial competitive level of participants, the training program applied, as well as the specific period of testing and other methodological issues can affect the results.
An obvious limitation can be addressed regarding the relatively small sample size. Nevertheless, all participants in this study were considered as high-level athletes, composing the national handball team, a fact that can also be referred to as one of the study strengths. While the improvement of general fitness is essential during the preseason period, competitive success also depends on tactical preparation and technical ability. Thus, the absence of a sports-specific testing procedure resembling handball-specific activity patterns during the different season periods (e.g. agility test) consists a second limitation in this study. Although all participants were members of clubs form the First Division with similar training background, it is logical to expect that different training programs were followed during the tested period.
Conclusions
In summary, we observed that the comprehensive fitness profile evaluated by laboratory tests in this study, including the measurement of aerobic power, anaerobic power, and vertical jumping ability, during 3 different occasions (the beginning, middle, and end of the competitive period) revealed relatively constant values for all the parameters in the investigated group of elite male handball athletes. Since the maintenance of physical fitness level during the season is the key target in team sports, frequent testing can be a supplementary tool for coaches and strength and conditioning professionals to identify possible signs of overtraining. Finally, the data presented here can be used as physical fitness standards for professional handball players.
